DOCUMENT RESOUME

ED 194 579 TM B800 708

AUTHOR Gt épdv, Jerilee

TITLE An a y51s of the Subscale Structure of lest Bat+er1es.

A Confirmatory S+tudy of +he Interrelat:onships of CGP

L an d N.J. Basic Skills Subscores. o

IEgI;IUTION 7Qgcat10nal Testing Service, Princeton, N.Jd.

FEPORT NO ETS-RR-80-25

PUB_DATE Oct 80

NOTE 28p.

EDES PRTCE
DESCRIPTQRS

MF017PC01 Plus Postage.

College Bound Students: *Colleae Entrance

Examinaticns: Ccllege Freshmen; Correlation:.

criterion Referenced Tests; *Factor Structure:

*Goodness of Fit: Higher Education; Placement; *Test

validity.

IDENTIFIERS *Comparztive Guidance and Placement Pregram;
Confirmatcry Factor Analysis; *New Jersey College
Basic Skills Placement Test

ABSTRACT

The prﬂmaey purposes of *he study were (1] to

ﬂnvestlaatc whet her three subtests of the Compatative._ Guidance ard

Placement Program (CGP):

Mcsaic Coiparisons, Year 2000 and Letter

Groups measure skills un*quely different from traditiomal verbal and
mathematical skills: and (2) tc test whether tlhe New Jersey College
Basic Skills Placemernt Test subtests aré measuring the saie skills. as

Sigilarly named subtests of the CGP. Tte methodology employed was a

confirmatory facto*,analysls using the COFAHM ccmputer. program. Data

frcm 822 =tudents who had taken both. bat er*es were used to test a

hypothesized four-factor model (Reading, Sentences, Mathematics, and

Mosaic Comparisons). This model was fcund to fit the data; that is,

=ubtests with the same names measured the same skil}ls: Basic Skills

subtests, Mosaic Comparisons, Year 2000, and Letter Groups, however,

each measured something uniquely different from Reading, Sentences,

and Mathematics. Although technically complex, this methodology is

easily and ineipensively applied to . this +*ype of problem: It can be

part:cularly useful in critericn-referenced test development for

testing whether a priori subscales are actually measuring different
skills. (Author/CP)

**********************************************ii
* Reproductions supplied by EDRS are the bes

*

*
#
*
3
#*
*

st
from the original document
*k

E I
*
*
*
+*
I*I
I*I
3!
*
*
*
*
I
*!
¥*:
I
¥*
i
¥*:
*
¥*
*

sk sk ok 3 ok ok 3k ok 3k 3 3 ke ok 3 ok ok 3 3k ko 3 ok ke 3k o ok ik ok ok ik ok 3k ok ok e o ok ek e ok ok ok ok ok K

[Kc

wll Toxt Provided by ERIC




ED194579

TOIB>MOMD

s

70

00

s

=VOUM:V

RR-80-25

U S OEPARTMENTOF HEALTH.
EOUCATION & WELEARE
NATIONAL INSTITUTE OF

EOUCATION o
THiS. DOCUMENT HAL_BSEEN REEE%%:
DUCED -EXACTLY. AS RECEIVED FROM
YHE PERSQON OR OFGANIZATJONORJ,GLN
ATING 1T POINTS OF_VIEW OR OPINIONS
S1ATED DO NOT NECESSARILY RE FHEF-
SENT OFFICIAL NATIONAL INSTITUTEO
EDUCATION POSITION OR POLICY

ANALYSIS OF THE SUBSCALE STRUCTURE OF
TEST BATTERIES: A CONFIRMATORY STUDY OF

THE INTERRELATIONSHIPS OF CGP AND N.J.
BASIC SKILLS SUBSCORES

Jerilee Grandy

“PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY
{ 7 I " - ¥ -

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)."

@

Educational Testing Service
Princeton, New Jarsay
October 1980

2




ANALYSIS OF THE SUBSCALE STRUCTURE OF TEST BATTERIES:
A CONFIRMATORY STUDY OF THE INTERRELATIONSHIPS OF

€GP AND N.J. BASIC SKILLS SUBSCORES

Jerilee érandy

Educational Testing Service
Princeton, New Jersey
October 1980

3



Copyright () 1980. Educational Testing Service. All rights reserved.

4




Abstract
This analysis exemplifies a method for investigating the constrict

the structures of the Comparative Guidance and Placement Test (CGP) and
New Jersey Basic Skills test were examined to see if the subscales
designed to measure the same skills were doing so, and to see if the

Groups) were measuring something different from the traditional sub-
scales (Reading, Sentences, and Mathematics).

The methodology employed was a confirmatory factor analysis. Data
from 822 students who had taken both batteries were used to test a
hypothesized four-factor model (Readirnig, Sentences, Mathematics, and
Mosaic Comparisons); this model was found to fit the data. It was con-
cluded that Mosaic Comparisons, Year 2000, and Letter Groups each measure
something uniquely different from Reading, Sentences, and Mathematics.

Although technically complex, this methodology is easily and
inexpensively applied to this Eype of problem: It can be particularly
useful in criterion-referenced test development for testing whether a priort

subscales are actually measuring different skills:




Introduction
" The Comparative Guidance and Placement (CGP) test battery is designed
to measure skills in reading, sentence structure, and mathematics plus the
skills required to do three subtests entitled Mosaic Comparisons, Letter

traditional subtests were actually measuring something different from the
standard verbal and mathematics tests. A further question was also raised
in connection with the New Jersey Gasic Skills test. This test, also
produced by ETS; has subtests for reading, sentences, and matheématics.
Do these subtests measure the same skills as the CGP subtests bearing
similar names?

These guestions deal with complementary aspects of construct validity,
namely, convergent and discriminant validity (see Cronbach, 1971, and
Campbell and Fiske; 1959): A test has convergent validity if it measures

what it purports to measure: It has discriminant validity if the skiil

it measures is distinctly different from other skills.
Recent developments in maximum likelihood confirmatory factor analysis

enable the researcher to test, statistically; the goodness=of-fit of

a priori construct validation models to empirical data. (See Werts & Linm,

multimethod matrix; see Rock & Werts, 1979, for a recent, example.) When
the fit of a given model is not rejected, it can be concluded that some
eviderice of the comstruct validity of the measures has been found and that
the underlying theory of the interrelationships of the variables has beem;

are modeled with confirmatory factor structures, a number of psychometric
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scores that are EBﬁééﬁéfié (i.e., measures of the same factor), the
aximum 1ikelihood estimates of the factor loadings are the regression of
the observed scores on their "true" scores. Squared standardized
factor loadings correspond to estimates of the reliability with which
sach instrument measureés each skill (comstruct or factor): The
corfelation between factors corresponds to the correlation between
variables corrected for attenuation, i.e.; the correlation between true

scores éSeé Werts & Linn, 1972).

Data

When students take the CGP, they complete four separately timed
reading sections, four sections of sentences; three sections of Mosaic
Comparisons, one section entitied Letter Groups; and one section called
Year 2000. For the mathematics tests, they are instructed to take math
level C if they have had no algebra im high school. Level C consists of

two sections; one is computation and the other consists of arithmetic

reasoning. Students who have had one year of aigebfa in ﬁiéﬁ school are

told to take lavel D. This comsists of the same computation test included

in level C and an elementary algebra test: Level E, which is taken by those
who have had two years of high school algebra, consists of the same elementary

mathematics tests:
In the New Jersey Basic Skills Test; there are three reading subtests,

three sentence subtests, one Computation test, and one elementary algebra
test: All of these are taken by all students.

bata from 822 students who had taken both the CGP and the New Jersey
Basic Skills Tests were used for amalysis. Scores were divided into three

.
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groups corresponding to the leyel of CGP Mathematics taken. Level C
consisted of 184 students, level D had 282 students, and level E consisted

of 356 students.

Method

A model was developed in which Reading, Senééﬁ&éé; Mosaic eaﬁﬁéfiéons,
Math Computation, and Elementary Algebra were hypothesized as five con-
structs (factors) underlying the scores being studied: The four Reading
scores on the CGP and three Reading subscores of the New Jersey test were

interpreted as "true" “eading skill. Likewise, the four CGP sentences
subscores and the three New Jersey Sentences Subscores were hypothesized
to fit a single factor labeled "Sentences."

Because it was not certain whether Math Computation and Elementary
Algebra would fit a single math factor, and because there was no a priori
necessity that they do so, two different math factors were hypothesized:
one measure of each factor, Computation and Eiemenééf§ Algebra, arose from
each test battery.

The three sections of Mosaic éompafiéaﬁé were hypothesized to form a
correiated but distimctly different factor from the other four.

Since there was only one score for Year 2000 and one for Létter
Groups, these measures could not be treated as separate factors. Instead,
they were p”emii:i:éd to load on all other Factors. By permitting them to
do so, estimates could then be made of the degree to which scores on those

traditional éﬁﬁjeéﬁ areas).
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The COFAMM program (SUrbom & JBreskog, 1976) was used to test the fit
of this model to the data, simultaneously for each of the three subgroups
of students; as defined by the three math subtest levels: COFAMM assumes
that a factor analysis model holds in each of the g populations under
study: If X is defined as the vector of the p observed measures in group g,

then x_ can be accounted for by k common factors (fg) and p unique factors

-~ ~

(zg). The model in each population is:

=v FAf Fz 233
g geg | Zg ¢8)

X
~g

where bg is a p x 1 vector of location parameters and A a p x k matrix of

factor loadings: It is assumed that z_ and f_ are uncorrelated, the expecta-

-~ -~

tion of ég =0 aﬁd«xhe,gxﬁectaéioh of f_ = 6_where 98 is a k x 1 parameter

vector.

Given these assumptions, the mean vector u_ of the x_ {is

-~ ~

W= v 4 A6 ' (2)
‘g T g 7 Cglg
and the expected variancé-covariancé matrix I. of x. 18
e ~
L =A$ A" H Y (3)

-8 ~8-85-8 ~8
where ¢ is the varlance-covariance matrix of the £ and ¥ is
the variance-covariance matrix of z,- When the factor model
does not fit the data perfectly, the observed variance-covariance
matrices %g and observed means will differ from the maximum
likelihood estimates of L and . The program yields a chi-square
statistic that is a measure of thése differences, that is, of how
well the hypothesized model fits the data compared to the null hypothesis

that the variance-covariance matrix of zé may have any structuré whatsSoever.




-~

The four matrices gg; éé; j%; and ?g are called the pattern
matrices. The elements of these matrices are the model parameters
which are of three kinds: (a) fixed parameters; which have been
assigned given values, 1ike O or 1; (b) constrained parameters,
which are unknown but equal to one or more other parameters; and
(¢) free parameters, which are unknown and not constrained to be
equal to any other parameter. A parameter may be constrained to
be equal to other parameters in theé same and/or differént pattern

matrices in the same and/or in different groups.

The important feature of a confirmatory analysis is that the
parameters of the model may be uniquely estimated, i:.e:; the model is
idencified Sﬁbjéct to an algebraic constraint. Acééf&iﬁé to this con-
straint, a solution is unique if all linear transformations of the
parameters unchanged. It is difficult in §éﬁéfal to give useful con-
ditions which are sufficient for i&éﬁéifiééfidﬁl However, at one point

in the program the information matrix for the unknown parameters is

comppte&; 1f this matrix is positive definite; it 1§ almost certain
that the model 1s identified. TIf this matrixz is not positive definite,
the program prints a messags tn this effect, specifying which paremeter
is probably not identified.

In this study, the model is overidentified, yielding not only unique
solutions but sufficient degrees of freedom for statistical tests of

goodness-of-fit. In addition, standard errors for all the unkmown

10
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parameter estimates are also provided by the program. This analysis
differs from an exploratory factor analysis: In an exploratory analysis;
the model is wusually not identified; and thus; there is neither a statis-—

tical test of goodness-of-fit nor is there a unique solution.

The factor pattern of the initial model to be tested was a special
case of equation (1), with 23 variables and 5 hypothesized factors. These

factors were Reading, Sentences; Computatlon; Algebra; and Mosaic Compar-
isons: The structure being tested was hypothesized to be the same across
all three groups of subjects. The statistical test of this model using
COFAMM yielded a chi-square of 994.56 with 720 degrees of freedom. Con-
siderable aiffiéuity was encountered in finding a solution for this model,
however, because of a high colinearity between the two math factors
(r = .995). This is because regression weights on highly correlated
inidependent variables have large standard errors (see Farrar & Glauber, 1967).
The model was; therefore; reduced to four factors with Computation
and Elementary Algebra scores being permitted to load on a single
"Mathematics" factor: When tested; this model yielded a chi-square of

Because of the large sample size, even the most trivial deviations

from the modei would tend to yield a statistically significant chi-square

vﬁiﬁé; ﬁié Eﬁi—éiﬁgfé; ﬁa{léiiéf,' is relatively small compared to the degrees
of freedom: A more appropriate measure of goodness—of-fit 1s the root mean
square (RMS), of. the residuals. This is the squaré root of the average
squared difference between corresponding elements in each population's

observed variance-covariance matrix and the reproduced variance-covariance

11
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matrix conditional on the constrained factor model. Ordinarily, it would

matrices, therefore, the original variance-covariance matrices were
rescaled to correlation matrices (e.g., see Sorbom & Joreskog, 1976). Thus,
the RMS may be interpreted mich as you would interpret the residuals when
fitting a factor model to the observed correlation matrix.

The RMS of .07 Ffound here is satisfactory considering the sample
sizes and differences between the three mathematics ability groups.

Table 1 shows the standardized factor loadings and percentage of variance

in each observed score that can be explained by each factor. Table 2 shows
the intercorrelation of the four factors. Standard errors for these

those for Year 2000 and Letter Groups which had standard errors of :06

for their loadings on the Reading and Sentences factors. Standard errors
weré .04 in the correlations between factors; except for the correlation.
between Reading and Sentences which had a standard error of only .02.

A diagram of the model is shown in Figure 1 with standardized
factor loadings indicated. To simplify the drawing, intercorrelations
of factors are shown separately in Figure 2. The circles represent
factors (constructs or true scores), and arrows from the factors are

which Eﬁé§ ﬁéiﬁé; The small arrows indicate the measurement error
component of the observed score. These flgures merely show diagram-
matically the same information contained in the tables:

The factor intercorrelations can be interpreted as correlations
tbetween true scores=-i.e., correlations corrected for attenuation.

Mosaic Comparisons; when corrected for attenuation, correlate only

......... [t

slightly with Reading and Sentence skills (.20 and .26) but somewhat more

12 '




moderately with Mathematics (-37). These results suggest that although

there is some relationship between the abilities required to do Mosaic
Comparisons and the abilities required to do traditional verbal and math
tests, there are GEhef uniéué éEiiiE Eééﬁi?éa to do Mosaic Comparisons.
The standardized factor loadings obtained for each subtest score are
most useful when éiuéfé& and iﬁféfﬁféfé& as percentages of variance
explained by the underlying factor. Because Year 2000 and Letter Groups

plained by Reading or the skill underlying Mosaic Comparisonms. For Year 2000, 12
of the variance is explained by the Sentences factor and 8% by Math
skill. The combination of all four factors, however, accounts for 54% of
the variance in Year 2000. (This number is obtained by subtracting the
standardized factor loadings because, for Year 2000 and Letter Groups
these are partial factor loadings.)

For Letter Groups; 10% of the variance can be explained by Math

Groups scores remains unexplained, the four factors explaining only 40%
of the variance.

Groups scores can be shown more clearly than in Figure 1 by recourse to
two other figires excerpted from Figure 1. Figures 3a and 3b show the

observed scores as functions of four factors plus uniqueness (¥):

bt

3
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it ﬁ§§ be concluded from this study that while Mosalc Comparisons,
Year 2000; and Letter Groups each have some Variance explainable by the
traditional verbal and mathematical test scores, each has a considerable
proportion of unique variance (¥), uncorrelated with reading and math, that
these ﬁﬁiiﬁé skills are related to college performance remains to be
answered.

In addition to these conclusions, & number of siher interpretations
based on this model are motable: Because the model fit the data reasonabiy
well, this analysis provides some evidenice of comstrict validity for the
Reading, Sentences; and Math tests in both test batteries. The fact that
all subscales loaded on the expected factors supports the hypothesis that
they are measuring what they were designed to measuté. The Reading
subscales, for example, all measure Reading rather than, say, Sentences:
We might have discovered, for example, that CGP Reading subscale 4 loaded
on the Sentences factor rather than the Reading factor. Or, we might

have found that the New Jersey tests had a different Reading factor than

validity of the Reading subtests. Likewise, the math subtests from both

batteries loaded on a Math factor rather than on a Reading factor or o
two different Math factors. The fact that this model fit as hypothesized
provides evidence of both convergent and discriminant validity (and

hence, caﬁstruée'eaiiaiéy) for the traditional subtests of both batteries.
Another point of interest is that in the analysis of those students

who took éé; Math test C (i:es, those who had no Algebra éourséj; the

factor loading for the New Jersey Algebra scores was found to be only

+16: This finding is consistent with tﬁéiprééuﬁﬁbsiEiBB that an Algebra

14
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test cannot édédﬁéEéi§'EéééﬁEé knowledge of Algébra in a group of students
who never studied it. For many students it may be measuring how well
Eﬁé§ fiéﬁfe out a problem by some other method or how clever they are.
The factor iééaiﬁéé for Algebra reported in this paper are based only
on data from students taking CGP Math test D or Es

Also of interest is the finding that the Computation and Algebra
subtests from both batteries loaded on a single Math factor: The fact

form of Mathematics and is not a different construct. The finding
provides support for any attempt that might be made to equate the two.
Similarly, it is possible on the basis of this amalysis to calibrate

all sibtests loading on the same factor (Werts; Grandy, & Schabacker,
19665. The analysis supports the hypothesis that the CGP Reading
subtests, for éiéﬁﬁié, are measuring the same construct as the Reading
Subtests of the New Jersey Test. It is justifiable; therefore, to
calibrate the New Jersey battéry to the CGP batterys

Summary of Major Findings

Sather certain subtests of the CPG (Mosalc comparisons, Year 2000; and
Letter Groups) are measuring skills uniquely different from traditional
verbal and mathematical skills; (2) to tost whether the New Jersey Basic
Skills subtests are measuring the same ki1l as similarly named subtests
of the CGP. A five-factor model (Reading, Semtences, Mosaic Comparisons,
Computation; and Algebra) was hypothesized and found to fit the data

from the two test batteries:. Those tests having the same names were
found to be measuring the same skills. It was cdnciu&é&; therefore, that

. both batteries have convergent validity. Two of the factors —— Math

| %y
Q|
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Computation and Algebra were so highly correlated that they were insep-

arable. Estimates were; therefore; obtained from a model consisting of
four factors -- Reading, Sentences; Mosalc Comparisons; and Mathematics.
The skill required to do Mosaic Comparisons was found to correlate
moderately (r = .37) with Mathematics and less well with the other two
factors. Scores orn Year 2000 loaded most heaiirii}} on the Sentences féétbr,
as did the scores on Letter Groups. Letter Groups was, in fact, found to
be as reliable a measure of the factor underlying Sentences as the first
of the Sentences subscores. On the other hand, only 40% of the variance
in Letter Groups could be explained by the four factors. The variance

in Year 2000 scores was found to be 54% explained by the four factors.

It was concluded that while verbal and mathematical skills can, to
some éiéf:éni:; account for a student's performance on Mosaic Comparisons,
Year 2000, and Letter Groups; each is also measuring something distinctly
different: They may; therefore; be sald to have discriminant validity,
and hence, construct validity. Whether the unique skills underlying
these measures are relevant to college performance could not be ascer-

tained from the existing data.



Table 1

Standardized Factor Loadinigs and Percentage of
Variance (in Parentheses) by Each Factor

Factor

Subscore Reading Sentences

CGP Reading I 0.62

(Main Idea) €38%)

CGP Reading II 0.79

(Secondary Idea) (622)

CGP Reading 11T 0.76

(Inferences) (582)

CGP Reading IV 0,81

{Vocabilary) (662)

NJ Reading I 0.76

(Main Idea) (58%)

NJ Readiag II 0.72

{Direct Statements) (522)

‘NJ Reading III 0:75

(Inferences) (56%)

CGP Sentences I 0.50

(Idiom and Diction) (252%)

CGP Sentences II_ _ . . 0,63

(Coordination and Subordination) (402)
0:67

CGP_Sentences III )
(Agreement and Reference) 452%)

CGP_Sentences IV 0.74
(other) (552)
0.75

NJ Sentence Structure I :
(Complete Sentences) {56%)

NJ Sentence Structire IT 0,76
{Coordination and Subordination) (58%)
NJ Sentence Structure III 0:74

(552)

(Placing Modifiers)

ERIC

Aruitoxt provided by Eic:



Table 1 (cont'd.)

Standardized Factor Loadings and Percentage of

. Variance (in Parentheses) by Each Factor
e S Factor .
Subscore Reading Sentences Mathematics Mosai: Comparisons
CGP Matr o itation 0:83
, , (692)
CGP Elemencowy Algebra 0.84
(712)
NJ Math Computation 0.75
(5627)
NJ Elementary Algebra 0.72
(52%)
CGP Mosaic Comparisons I 0.78
(612)
CGP Mosaic Comparisons II 0.90
(81%)
CGP Mosaic Comparisons III 0.78
‘ (61%)
CGP Year 2000% , 0.15 0:35 0:14 0:29
27) (122) (22) (82)
CGP Letter Groups** -0.21 0.48 0.22 0.32
42) (232) 52) (102)

_*Total variance explained by all four factors = 54Z.

**Total variance explained by ali four factors = 40X.

-
o0
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Table 2

Intercorrelations of the Four CGP = New Jersey Basic Skills Factors

Reading  Sentences  Mathematics  Mosaic Comparisonms
Reading © 1,00
Senternces 0.83 1.00
Mathematics 0.50 0.48 1.00
Mosaic Comparisons 0.20 0.26 0.37 1.00

[ Y
QO




“(GP Scores

25 Read-1e— 20 Ssent-le=
.19, Read-2e— B3 gentcoe IfMosate-le
:gheadzjg ST sent-3e- | osate2e= L Compie
81, Read-h ¢ T seng-bem | |18 Mosate-34= | . Blen.
) - a a1, -
L3s-200¢- 35, 1R-20006 | | | LrR-2000e= | | -2, ¥R-2000&
. w,', - ) o é 7:: s - o o
2L Let-gpse 8. et-gps 22, Let-gpf 32 Tet-gps
R 7 SE- TNOSAIC
READENG TENCES CON.
-6Read-1e= T3Sent=14-
: TS Read-2 = i%ént-é “  Elem.
o B ‘Jgﬁié;é-
.75 Read=3 e~ T Sent-3 -

ERIC

Figore L

FullToxt Provided by ERI

N.J. Basic Skills Scores

Gonfimatory factot analysis model of (GP and 1.J.
{Intercotrelations of factors not ghown.)

e

Basic Skills Test scotes:

—-ST—




MOSAIC
. COMP.

Figure 2. Intercorrelation of factors in model of CGP and N.J. Basic Skills Test scores.
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Sentencuosaic

Year ébbé

Figure 3a. Standardized partial factor loadings for Year 2000 scores.

Letter Groups

Figure 3b. Standardized partial factor loadings for Letter Groups scores:
o 23 |
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